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Abstract 

 
In this paper we propose an algorithm for exhaustive search of GIS Mobile query (point-

in-area function). This algorithm search the status of a given co-ordinate point with respect 
to an area (described as a set of co-ordinates without any geometric relationship). In the 
exhaustive search algorithm proposed previously, there were a number of undetermined 
points (which does not support the range of scale), which are close to boundary co-ordinates. 
In this paper a new approach is introduced by which much accurate result can be obtained. 
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1. Introduction 

Geographic Information Systems (GISs) deal with the collection, management, and 
analysis of large volume of spatially referenced data [1] together with the associated logical 
and/or numerical attributes (semantics and thematic) [2]. The ability to manipulate these 
spatial data into different forms with reference to the semantics and/or thematic involved and 
to extract the additional information from them is the root of GIS technology. 

The source of GIS data can be classified into two categories: (1) the coordinates of 
different features (point, line, area) along with the titles from hand drawn maps, and (2) the 
logical and numerical information regarding the different objects of the maps from the tables 
associated with the maps. GIS queries can be done in the same way either it is some logical 
query or query may be related with the coordinate’s features. A land can be defined as an 
area, road, rivers, rail-lines can be described by line features, a particular object in an area can 
be defined as a point feature (same as, an area can be defined as a point feature with respect to 
a vast area.). Queries can be done to find the position of a coordinate feature with respect to 
another coordinate feature. The coordinate objects may be still or moving. 
 
2. Previous works 

The features (point, line, area) are stored in the cartographic database with the primary 
objective of extracting the desired semantic and thematic information out of these large 
volumes of geometrically unrelated data. Since, this database, as developed by the digitization 
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method [1], consists of very large number of co-ordinates of points without any established 
geometrical relationship among them. The results of Euclidean geometry are not applicable to 
this case. Further the necessity of very high degree of accuracy makes the conventional 
approaches [1] inadequate for design of a cartographic database.  

The design of any GIS is largely dependent on two major components, such as, (1) the data 
organization for storage and retrieval of spatial and aspetial data related to geographic objects 
(features), and (2) the query processor working as an interface between the data organization 
and user defined queries. 

The performance of any query processor is very much dependent on the respective data 
organization. The GEOQUEL, a special purpose language, proposed by Berman and 
Stonebaker [5], was one of the earlier attempts to make use of an existing DBMS for GIS data 
processing. This scheme decomposes every line/area feature into a sequence of line segments. 
It does not support geographic data types and hence, retrievals based on spatial relationships 
are not possible. 

An attempt to extend SQL for geographical application was also made by A. Frank in the 
proposed MAPQUERY [6] system. This is a land information system with extra constructs to 
support geographical input and output facilities. It also does not support spatial operators. 
Pictorial SQL (PSQL) [7, 8] has been proposed as an interface language for retrieving data 
from pictorial database with two additional options ON and AT for selecting an area of a 
given picture. 

B. C. Ooi in his activities [4] has adopted this approach to form a GEOgraphic Query 
Language (GEOQL), which is an extension of SQL. This research work is based on a special 
data model, named skd-tree with the additional GEOQL operators intersection, adjacent, ends 
at, etc. 

The speed of processing of GIS queries can be enhanced by designing the algorithms to 
suit a parallel platform [9-11]. In fact parallelism is inherent in GIS processing though there 
exists no such significant effort for exploring the aspect. As the stored data does not possess 
any intrinsic geometrical properties, the processing of GIS queries are not at all data 
dependant, and, due to the large volume of data to be handled for any GIS query, application 
of parallel algorithms has a very significant effect [12, 13] on the processing of GIS queries. 

R. Dasgupta in his research activities [16] proposed a general purpose GIS system for 
answering a wide spectrum of queries in a suitable parallel platform for higher efficiency. The 
concept of an address square has been utilized for improving the efficiency of the system. 
Some terminologies such as Geographic Information Unit (GIU), Address Square, Boundary 
Address Square (BAS), Internal Address Square (IAS) is used, where GIU is a cartographic 
information which is divided into some n    n grid structure and each grid was defined as 
address square. An area is defined as a set of co-ordinate points and in which square the 
boundary point lies is said BAS, which address square is entirely inside the area is said IAS. 

R. Dasgupta had proposed some algorithms to query of some basic GIS functions (such as, 
Point-In-Area, Line-In-Area, and Area-In-Area) where significantly less amount of 
exhaustive computation is done. 
 
3. Our work 

We propose our work by considering the following points: 
 
3.1. Data capture 

How can a GIS use the information in a map? If the data to be used are not already in 
digital form, that is, in a form the computer can recognize, various techniques can capture the 
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information. Maps can be digitized by hand-tracing with a computer mouse on the screen or 
on a digitizing tablet to collect the coordinates of features. Electronic scanners can also 
convert maps to digits. Coordinates from Global Positioning System (GPS) receivers can also 
be uploaded into a GIS. 

Data capture — putting the information into the system involves identifying the objects on 
the map, their absolute location on the Earth's surface, and their spatial relationships. 
Software tools that automatically extract features from satellite images or aerial photographs 
are gradually replacing what has traditionally been a time-consuming capture process. Objects 
are identified in a series of attribute tables the "information" part of a GIS. Spatial 
relationships, such as whether features intersect or whether they are adjacent, are the key to 
all GIS-based analysis. 
 
3.2. Data integration 

A GIS makes it possible to link, or integrate, information that is difficult to associate 
through any other means. Thus, a GIS can use combinations of mapped variables to build and 
analyze new variables (Figure-1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Data integration is the linking of information in different forms through 

a GIS 
 
For example, using GIS technology, it is possible to combine agricultural records with 

hydrograph data to determine which streams will carry certain levels of fertilizer runoff. 
Agricultural records can indicate how much pesticide has been applied to a parcel of land.  

Locating these parcels and intersecting them with streams can use the GIS used to predict 
the amount of nutrient runoff in each stream. Then as streams converge, the total loads can be 
calculated downstream where the stream enters a lake. 

 

 



International Journal of of Grid and Distributed Computing 

Vol.2, No.2, June 2009 

 

 

4 

 
 
Figure 2. An elevation image classified from a satellite image of Minnesota exists 

in a different scale and projection than the lines on the digital file of the State and 
province boundaries 

 
3.3. Projection and registration 

A property ownership map might be at a different scale than a soils map. Map information 
in a GIS must be manipulated so that it registers, or fits, with information gathered from other 
maps. Before the digital data can be analyzed, they may have to undergo other manipulations 
projection conversions, for example that integrate them into a GIS. 

Projection is a fundamental component of mapmaking. A projection is a mathematical 
means of transferring information from the Earth's three-dimensional, curved surface to a 
two-dimensional medium paper or a computer screen. Different projections are used for 
different types of maps because each projection is particularly appropriate for certain uses. 
For example, a projection that accurately represents the shapes of the continents will distort 
their relative sizes. 

Since much of the information in a GIS comes from existing maps, a GIS uses the 
processing power of the computer to transform digital information, gathered from sources 
with different projections, to a common projection (Figure 2 and Figure 3). 
 
3.4. Data structure 

Can a land use map be related to a satellite image, a timely indicator of land use? Yes, but 
because digital data are collected and stored in different ways, the two data sources may not 
be entirely compatible. Therefore, a GIS must be able to convert data from one structure to 
another. 
    Satellite image data that have been interpreted by a computer to produce a land use map 
can be "read into" the GIS in raster format. Raster data files consist of rows of uniform cells 
coded according to data values. An example is land cover classification (Figure 4). The 
computer can manipulate raster files quickly, but they are often less detailed and may be less 
visually appealing than vector data files, which can approximate the appearance of more 
traditional hand-drafted maps. Vector digital data have been captured as points, lines (a series 
of point coordinates), or areas (shapes bounded by lines) (Figure 5). An example of data 
typically held in a vector file would be the property boundaries for a particular housing 
subdivision. 
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Figure 3. The elevation image re-projected to match the projection and scale of 

the State and province boundaries 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 4. Example of the structure of a raster file 
 

3.5. Data modeling 

It is impossible to collect data over every square meter of the Earth's surface. Therefore, 
samples must be taken at discrete locations. A GIS can be used to depict two- and three-
dimensional characteristics of the Earth's surface, subsurface, and atmosphere from points 
where samples have been collected. 

 
3.6. Algorithm for exhaustive search (Sum angle approach) 

 
INPUT: All boundary co-ordinate points of the area feature and the coordinate of 

point feature to be searched. 
OUTPUT: The status of the co-ordinate with respect to the area feature. 
PROCEDURE: Suppose there are ‘n’ numbers of boundary point co-ordinates present 

for an area. 



International Journal of of Grid and Distributed Computing 

Vol.2, No.2, June 2009 

 

 

6 

Step 1: Pass the co-ordinate of the test point feature.  
   Let it be (xp, yp). 

Step 2: Pass all the co-ordinates of the area feature. 
Step 3: For all the area points calculate 

 n 

       (xi, yi) (xp, yp) (xi+1, yi+1)    
              i=1 

 
Where, (xi, yi) (xp, yp) (xi+1, yi+1) represents the angle formed by (xi, yi) and   

(xi+1, yi+1) with (xp, yp). 
 
Step 4: calculate the direction of the angle either it  

   is clockwise or anticlockwise. 
Step 5: subtract the angle if it is clockwise and add  

the angle if it is anticlockwise. Finally find    
the angle made by the point with the area. 

Step 6: If 
 

 n 

     (xi, yi) (xp, yp) (xi+1, yi+1)  = 2    
i=1 

then, the point is inside. 
       
If             
          n 

   (xi, yi) (xp, yp) (xi+1, yi+1)  = 0 
i=1 

then, the point is outside.  
          

The algorithm described above for exhaustive search is the sum angle approach 
which says that we have to calculate the angle between each two consecutive points and 
the given searched point and sum up those small angles to find the angle formed by the 
searched point with area. The coordinate points of the area need to be stored 
anticlockwise fashion as per the algorithm. If the point is inside then the ultimate angle 
would be 3600 as there is no direction change but if the point is outside the area then the 
ultimate sum of the angles would be 00 as there is a direction change in time of 
calculating the angle. 
 
4. Result 

 
Previously proposed algorithm has been implemented by us, and the result is shown 

in Table 1. Where, undetermined points are determined as those points those are not 
supporting the range. The ranges are determined with tolerance value of 3550 to 3650 (-
5 to +5 of 3600 for inside) and –50 to +50 (-5 to +5 of 00 for outside). It is noticed that 
the coordinate points those are giving abnormal results are very close to boundary 
points.  

If the coordinate points are on the boundary then it will also give out of range 
exception and that is also undetermined. 
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Result of our algorithm is shown in Table 2. Here, undetermined points are 
determined as those points those are not supporting the range.  The ranges are 
determined without tolerance value that of the previous (3600 for inside and 00 for 
outside). It is noticed that the coordinate points those are giving abnormal result are 
only on boundary. 

 
Table 1. Results of previously proposed exhaustive search algorithm 

 
 

No of Boundary 
points of the area 

No of randomly 
generated points 

for test 

 
No of points 

that are inside 

 
No of points 

that are outside 

No of points 
that remain 

undetermined 
312 1000 393 498 109 
503 1000 762 216 22 
386 1000 423 501 86 

 
Table 2. Result of our exhaustive search algorithm. 

 
 

No of 
Boundary points 

of the area 

No of 
randomly 
generated 

points for test 

 
No of 

points that 
are inside 

 
 

No of points that 
are outside 

 
No of points 
that remain 

undetermined 
312 1000 452 548 0 
503 1000 762 238 0 
386 1000 449 551 0 

 
5. Conclusion 

Both the algorithms for exhaustive searching are implemented in VC++ (greater size, 
minimum 512MB, of the RAM will require). The three areas are taken with the coordinate 
points of number 312, 503, 386 for boundary coordinate values. Test points are selected 
randomly with some user given range. We have taken 1000 random points for testing and 
results are analyzed above. It can be noticed that if we calculate direction of the angle 
manually (which was not proposed) then it will give a better result as the same domain values 
are there and the result is more accurate as there is no tolerance value as before (angle is exact 
3600 and 00). The points on the boundary are still remains undetermined. Thus we can say 
that the proposed algorithm is giving better result than previous. Experiments with greater 
domain remain as future work. 
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